petal tube to form a structure that resembles the spur of other Antirrhineae in its morphology and position.
growth and only rarely formed ectopic tubes. Although Hirz-d153 affected growth of all petal lobes, Internally, it lacked hair cells at its base, had short colorless hairs above this, and glandular yellow hairs toward an ectopic tube formed only from the ventral petal. Identity of lateral and dorsal petals requires the dorsalizing its junction with the tube (Figure 1B ). This arrangement is also found along the proximal to distal axis of the activity of the CYCLOIDEA and RADIALIS (RAD) genes [16] . The ability of Hirz-d153 to cause ectopic tubes was wild-type tube, suggesting that the outgrowth was an ectopic petal tube with reversed orientation (i.e., a line limited by RAD, because a rad mutation that allowed petals in lateral positions to assume ventral identities from the base of the tube to the base of the outgrowth passes from proximal through distal to proximal identialso allowed these petals to form ectopic tubes in rad Hirz-d153 double mutants ( Figure 1C ). ties). Formation of the ectopic petal tube was apparent relatively late in floral development, first as a change in In leaves, Hirz-d153 caused differentiation of ectopic trichomes from both surfaces early in development (p2), the pattern of cell divisions in a region proximal to the in-folding palate at stage 10 and then as an outgrowth formation of ectopic midribs, and reduced marginal growth later (‫ف‬p5; Figure 3 ). The resulting leaves were at stage 11 ( Figure 2) .
The Hirz-d153 mutation also reduced the united part smaller and rounder than wild-type. Their buckled lamina was consistent with greater growth in central and of the petal tube, shifting the position at which lobes tube was concentrated distal to the palate, and therefore the fold became relatively more proximal as the flower matured. The frequency at which a tube-like outgrowth was formed prevented detailed examination of its development.
Plants homozygous for both Hirz-d153 and Ina-d1 mutations had a largely additive phenotype with the round leaves and ectopic petal tubes characteristic of Hirz-d153 mutants and lack of palate, characteristic of Ina-d1. However, petal lobes were larger than wild-type, as in Ina-d1, and not reduced, as in Hirz-d153 (data not shown).
The Two STM-like Genes of Antirrhinum The dominance of Hirz-d153 and Ina-d1 mutations suggested that they might represent neomorphic alleles that were expressed ectopically in developing organs. Because leaves of Hirz-d153 resembled transgenic tobacco leaves that express a maize KNOX gene [17] , Antirrhinum KNOX genes were isolated to test correspondence to HIRZ.
Five different class I KNOX genes were obtained from library screens and RT-PCR experiments. Two were very similar to each other and, because their closest relative in Arabidopsis was SHOOT MERISTEMLESS (STM), were provisionally named AMSTM1 and AMSTM2 (Figure 4A) . The next most similar sequence from Antirrhinum corresponded to KNAT1, the closest Arabidopsis relative of STM ( Figure 4B ). This suggested that AMSTM1 and AMSTM2 had arisen by duplication of lized by introducing Hirz-d153 into a transposon-active background. On crossing the activated Hirz-d153 mutants to wild-type, 9.5% of progeny had a wild-type The Ina-d1 Mutation Alters Petal Development The dominant Invaginata-d1 (Ina-d1) mutation did not phenotype, suggesting that they had inherited a HIRZ ϩ revertant allele. PCR analysis revealed that all revertants affect vegetative development but had similar, though more variable, effects to Hirz-d153 in petals. Like Hirzexcept one had lost Tam1 and that revertant alleles carried sequence footprints characteristic of Tam1 excid153, the sinuses of dorsal petals were displaced proximally in Ina-d1 mutants, but dorsal petal lobes were sion. The exceptional plant had undergone a complex rearrangement, including deletion of 11 Kb of Tam1, and larger and more symmetrical than wild-type ( Figure 1D ). The palate was displaced proximally toward the base misexpressed a spliced and polyadenylated transcript containing Tam1 together with HIRZ exon and intron of the tube. Occasionally, an outgrowth similar to the ectopic tube of Hirz-d153 mutants formed proximal to sequences which was unlikely to be functional (data not shown). These results confirmed that the presence of the palate.
The Ina-d1 flower resembled wild-type early in develTam1 in AMSTM1 was responsible for the Hirz-d153 mutation and therefore that AMSTM1 represented the opment. The palate folded about the same time and in the same position as wild-type but differentiated abaxial HIRZ locus. Because the dominant Ina-d1 mutation could conditrichomes earlier (Figure 2 ). Subsequent growth of the 
Effects of HIRZ and INA Misexpression
The phenotypic effects of ectopic class I KNOX gene expression in organs has been described for diverse flowering plants [5] . Induction of a novel axis of petal growth, however, appears unique to the Hirz-d153 and Ina-d1 mutations of Antirrhinum. The outgrowth resem- 
Plant Genetics
The Hirz-d153 mutant [33] came from the IPK, Gatersleben (accession MAM153). The F2 progeny of a cross to its wild-type progenitor,
